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IMAGE READING APPARATUS AND IMAGE ^FORMING APPARATUS THEREWITH 



The present invention relates to an image reading 
apparatus which reads images on a document placed on a 
document holder, or on a document fed onto a document holder 
by a document feeder, and to an image forming apparatus 
having such image reading apparatus . 

In a copying machine as an image forming apparatus, an 
image recording device forms an image on a recording material 
based on image data obtained by an image reading apparatus 
through reading. When reading images on a document with this 
image reading apparatus, the image reading apparatus is 
constituted so that an operator places a document on a 
docximent platen as a document holder by positioning the 
document to a reference plate as a document positioning 
member, and after that, the operator presses a copy start 
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button to read images on the document on the document platen, 
for image forming . 

A copying machine provided with an automatic document 
feeding means as a document feeder is arranged so that images 
on the document fed onto a document platen by the document 
feeder are read for image forming. 

Incidentally, in a conventional copying machine, a 
reference plate which serves as a reference when placing a 
document on a document platen is mounted accurately by using 
an exclusive tool, so that an image on a document placed on a 
document platen may be read accurately for image forming. In 
the work of this kind, there have been repeated plural steps 
on a trial and error basis for adjustment, in each of the 
plural steps, after a document is positioned to the reference 
plate to be placed, and images read are recorded on a 
recording material, the image recorded on the recording 
material is confiormed visually by a serviceman or an assembly 
worker, and a position of the reference plate is adjusted 
based on the results of the confirmation. Therefore, this 
work has been extremely troublesome, and the time required 
for the work has been extremely long. 

Problems identical to the foregoing are also caused on 
a copying machine wherein a document positioned to a 
reference plate to be placed on a document platen is read. 
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and a document fed by an automatic document feeding means is 
read. Further, in the image reading apparatus stated above, 
the position where the reference plate is mounted and the 
position where the automatic document feeding means is 
mounted are independent from each other. Therefore, the 
adjustment work stated above is further extensive. In 
particular, in the case of the automatic document feeding 
means, not only the mounting position for the automatic 
document feeding means but also the slip of the conveyance 
system of the automatic document feeding means are causes, 
and adjustment work for them is vast. 

When the reference plate is inclined to be mounted, 
images which have been read are inclined, because a document 
positioned on a document platen along the reference plate is 
inclined. Even in the case where an automatic doc\iment 
feeding apparatus which feeds a document automatically and 
stops it on a document platen without dashing against the 
reference plate is inclined to be mounted, the document 
stopped on the document platen is inclined, resulting in 
inclination on the read image. Even if the automatic 
document feeding apparatus is fixed correctly, when a 
document is inclined while it is conveyed, the read image is 
also inclined because the document is inclined to be stopped 
on the document platen. Further, in the case of an apparatus 
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wherein images of a document are read while the document is 
being moved and conveyed by an automatic document feeding 
apparatus under the condition that an image reading device is 
stopped, the read image is distorted if the automatic 
document feeding apparatus is mounted to be inclined. Namely, 
in spite of a document which is rectangular, the read image 
is a parallelogram whose four corners are not at right angles. 

With the background stated above, adjustment work for 
the mounting position for a document positioning member and 
adjustment work for the mounting positions of a document 
positioning member and an image reading device and for the 
slip of a conveyance system of the image reading device need 
to be simplified for accurate reading of images and accurate 
image forming . 



SUMMARY OF THE INVENTION 

The first object of the invention is to provide an 
image reading apparatus for reading a document by positioning 
the document to a document positioning member on a document 
holder manually, wherein accurate image forming which is free 
from inclination can be conducted even when a position of the 
docixment positioning member is not adjusted finely. 

The second object of the invention is to provide an 
image reading apparatus which is capable of reading a 
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dociiment by positioning the document to a document 
positioning member on a document holder manually and is 
capable of reading a document fed by a document feeder, 
wherein accurate image forming which is free from inclination 
and/or distortion can be conducted for both manual 
positioning of a document and automatic feeding of a document, 
without requiring fine adjustment for a position of the 
document positioning member and adjustment of the slip of a 
conveyance system of the document feeder. 

The third object of the invention is to provide an 
image forming apparatus which is capable of reading a 
document by positioning the document to a document 
positioning member on a document holder manually and is 
capable of reading a document fed by a document feeder for 
image forming, wherein adjustment for the mounting positions 
of the document positioning member and adjustment for the 
slip of a conveyance system of the document feeder are 
simplified, and accurate image forming which is free from 
inclination and/or distortion can be conducted. 

The first object of the invention can be attained by an 
image reading apparatus having a document holder on which a 
document is placed to be positioned to a document positioning 
member, and an image reading device which reads images of a 
document placed on the document holder, wherein a correcting 
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device which corrects an image inclination caused by the slip 
of the mounting position for the document positioning member. 

The second object of the invention can be attained by 
an image reading apparatus having therein a document feeder 
which feeds automatically a document, a document holder on 
which a document is placed to be positioned to a document 
positioning member, an image reading device which can read 
images on a document . even when the document is fed by the 
document feeder, or the document is placed on the document 
holder, and a correcting device which corrects an image 
distortion caused by the slip of conveyance by the document 
feeder, for the image data obtained by the image reading 
device through its reading, when the image reading device 
reads the document fed by the document feeder, and corrects 
an image inclination caused by the slip of the mounting 
position for the document positioning member, for the image 
data obtained by the image reading device through its reading, 
when the image reading device reads the document placed on 
the document holder. 

The third object of the invention can be attained by an 
image forming apparatus having therein a document feeder 
which feeds automatically a document, a document holder on 
which a document is placed to be positioned to a document 
positioning member, an image reading device which can read 
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images on a document even when the doc\iment is fed by the 
document feeder, or the document is placed on the document 
holder, a memory which memorizes inclination information 
based on an inclination of a feeding direction by the 
document feeder and inclination information based on the 
inclination of the document positioning member, a correcting 
device which corrects an image inclination caused by the slip 
of conveyance by the document feeder, for the image data 
obtained by the image reading device through its reading, 
based on the inclination information based on an inclination 
of the feeding direction by the document feeder stored in the 
memory, when the image reading device reads the document fed 
by the document feeder, and corrects an image inclination 
caused by the slip of the mounting position for the document 
positioning member, for the image data obtained by the image 
reading device through its reading, based on the inclination 
information based on the inclination of the document 
positioning member stored in the memory, when the image 
reading device reads images on the document placed on the 
document holder, an image recording device which records 
images on a recording material based on image data obtained 
by the image reading device through its reading, and a 
detecting means which detects conveyance slip information 
concerning the slip in the direction of conveyance of a 
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document by the document feeder and document positioning 
member slip information concerning the slip of the mounting 
position for the document positioning member, wherein the 
memory stores the prescribed image information, the detecting 
means detects the conveyance slip information and/or the 
document positioning member slip information, based on image 
data obtained by the image reading device through its reading 
of the recording material on which an image is recorded by 
the image recording device based on the prescribed image 
information stored in the memory, and the conveyance slip 
information and/or the document positioning member slip 
information detected by the detecting means is stored in the 
memory. 

Further, one of the above objects of the invention can 
be attained by any one of the following structures (1) 
through ( 5 ) . 

(1) An image reading apparatus includes: a document 
holder on which a document is placed; a document positioning 
member, wherein the document is positioned on the document 
holder according to the document positioning member; an image 
reading device for reading an image of the document 
positioned on the document holder; and a correcting device 
for correcting an inclination of the image read by the image 
reading device according to an inclination of the document 
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positioning member, wherein the inclination of the document 
positioning member is an inclination on the document holder 
for a primary scanning direction. 

(2) An image reading apparatus includes: a document 
holder on which a document is placed; a document feeder for 
feeding the document in a feeding direction and stopping the 
document on the document holder; an image reading device for 
reading an image of the document stopped on the document 
holder, wherein the image reading device moves to a sub- 
scanning direction so as to read the image; and a correcting 
device for correcting an inclination of the image read by the 
image reading device according to an inclination of the 
feeding direction by the document feeder, wherein the 
inclination of the feeding direction is an inclination on the 
document holder for the sub-scanning direction. 

(3) An image forming apparatus includes: a document 
holder on which a document is placed; a document positioning 
member, wherein the document is positioned on the document 
holder according to the document positioning member; an image 
reading device for reading an image of the document 
positioned on the document holder; a correcting device for 
correcting an inclination of the image read by the image 
reading device according to an inclination of the document 
positioning member, wherein the inclination of the document 
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positioning member is an inclination on the document holder 
for a primary scanning direction; and an image recording 
device for recording the image corrected by the correcting 
device on a recording material . 

(4) An image forming apparatus includes: a document 
holder on which a document is placed; a document feeder for 
feeding the document and stopping the document on the 
document holder; an image reading device for reading an image 
of the document stopped on the document holder, wherein the 
image reading device moves to a sub-scanning direction so as 
to read the image; a correcting device for correcting an 
inclination of the image read by the image reading device 
according to an inclination of the feeding direction by the 
document feeder, wherein the inclination of the feeding 
direction is an inclination on the document holder for the 
sub-scanning direction; and an image recording device for 
recording the image corrected by the correcting device on a 
recording material . 

(5) An image reading apparatus includes: a document 
feeder for feeding a document to an image reading position; 
an image reading device for reading an image of the document 
being fed by the document feeder at the image reading 
position; and a correcting device for correcting a distortion 
of the image read by the image reading device . 
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BRIEF DESCRIPTION OF THE DRAWINGS 




Fig. 1 (a) is a schematic structure diagram of an image 
reading apparatus, and Fig. 1 (b) is an external perspective 
view of the image reading apparatus. 

Fig. 2 is a block diagram showing a flow of image 
reading and image forming in Embodiment 1 . 

Each of Figs. 3 (a) - 3 (d) is an illustration which 
shows illustratively longitudinal correction of image data. 



shows illustratively lateral correction of image data. 

Each of Figs. 5 (a) - 5 (c) is an illustration which 
shows a method to obtain an inclination angle. 

Each of Figs. 6 (a) and 6 (b) is an illustration which 
shows another method to obtain an inclination angle. 

Fig. 7 is a block diagram showing a flow of image 
reading and image forming in Embodiment 2 . 



An embodiment will be explained, referring to an image 
forming apparatus (copying apparatus) equipped with an image 
reading apparatus having an automatic document feeding 
apparatus . 



Each of Figs. 4 (a) - 4 (d) is an illustration which 
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Fig. 1 (a) is a schematic structure diagram of an image 
reading apparatus, and Fig. 1 (b) is an external perspective 
view of the image reading apparatus. Incidentally, a printer 
section is omitted in Figs. 1 (a) and 1 (b) . Image reading 
apparatus 1 in the present embodiment is one wherein 
automatic document feeding apparatus 20 as a document feeder 
is provided on image reading apparatus main body 10, and 

O 

yj images on any of the document conveyed by the automatic 

document feeding apparatus 2 0 and the document placed 

1=^ directly on document platen 11 as a document holder can be 

read . 

p First, an outline of reading the document fed by 

automatic document feeding apparatus 20 will be explained. 

y A user places a document to be read on document placing 

table 21. In this case, the feeding direction of the 
document is regulated by regulating member 22 which is 
provided on the document placing table 21. Then, when the 
user presses a reading start button (not shown) of operation 
section 31 (constituted with a touch panel or the like) which 
serves as a display means and an inputting means provided on 
the front side of image reading apparatus main body 10, the 
start of reading is instructed. 

Receiving the instruction of the start of reading, a 
document conveyance means conveys a document placed on 
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dociiment placing table 21 to document platen 11. Namely, the 
document placed on the document placing table 21 is separated 
into a sheet to be fed out by group of feed-out rollers 23, 
and is conveyed by conveyance belt 27 trained about follower . 
roller 24, driving roller 25 and tension roller 26 to the 
position for reading on document platen 11, while being 
sandwiched between the conveyance belt 27 and dociiment platen 
11, thus, the document is placed on the document platen 11. 

In the present embodiment, a stepping motor is used as 
a driving source (not shown) for driving roller 25, and by 
controlling the number of pulses impressed on the stepping 
motor, a document can be stopped at a reading position 
Without hitting reference plate 13 as a document; /positioning 
member. However, the invention is not limited to an 
automatic document feeding apparatus of a type wherein a 
document is stopped at a reading position without hitting a 
reference plate. 

When a document is placed on document platen 11, the 
document is subjected to irradiation of light conducted by 
light source 14 representing a linear light source extending 
in the primary scanning direction (direction perpendicular to 
the page in Fig. 1 (a)). Light reflected on the document is 
focused as an image on image sensor 18 representing an image 
pick-up means by lens 17 representing an image forming means, 
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through first mirror 15 and V mirror 16. The image sensor 18 
is a means to read images on a docximent, and is a 
photoelectric transfer element which photoelectrically 
transfers light reflected on the dociiment for each pixel, and 
it is constituted of line sensor (line CCD) extending so as 
to have a plurality of pixels in the primary scanning 
direction to read images on the document in a unit of one 
line in the primary scanning direction. 

An image reading device is constituted by light source 
14, first mirror 15 and V mirror 16. 

It is structured so that light source 14 and first 
mirror 15 move solidly in the sub-scanning direction 
perpendicular to the primary scanning direction (direction to 
the right side in Fig. 1 (a)), and V mirror 16 moves in the 
same direction at the moving speed which is half that of the 
light source 14 and first mirror 15. Therefore, when the 
light source 14, first mirror 15 and V mirror 16 move in the 
sub-scanning direction for the document on the document 
platen 11, it is possible to scan the entire surface of the 
document, thus, images equivalent to one sheet of document 
can be read by reading successively the light reflected on 
the document with image sensor 18 . 

The document on which images on its entire surface have 
been read by image sensor 18 is conveyed by conveyance belt 
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27 and is ejected on sheet ejection tray 29 by group of sheet 
ejection rollers 28. 

In image reading apparatus 1, an arrangement is made so 
that not only a document conveyed by automatic document 
feeding apparatus 2 0 but also a document placed directly on 
document platen 11 can be read. Namely, the automatic 
dociiment feeding apparatus 2 0 is provided on image reading 
apparatus main body 10 through hinges 19 in such a way that 
the automatic document feeding apparatus can be opened and 
closed (or can be raised from and lowered) onto the image 
reading apparatus main body. 

Therefore, when placing a document directly on document 
platen 11 to read it, a user opens automatic document feeding 
apparatus 2 0 (Fig. 1 (b) ) , then, places a document to be read 
on document platen 11, and closes the automatic document 
feeding apparatus 2 0 so that the state shown in Fig. 1 (a) 
may be returned. When the user places a document on the 
document platen 11, in this case, the user places the 
document so that it may be in line with reference plate 13 
which is provided to be adjacent to the document platen 11. 
Then, the user instructs the start of reading, by pressing a 
start reading button on operation section 31. After that, in 
the same way as in the foregoing, images on the document 
placed on the document platen 11 are read. In this case. 




however, even when a start button is pressed, the automatic 
document feeding apparatus 2 0 is not driven, which is 
different from the foregoing. 

As stated above, image reading apparatus 1 of the 
present embodiment has, as an image reading device, dociament 
platen 11 on which a document is placed, conveyance belt 27 
which functions as a docximent platen cover which covers the 
document platen 11 through the document placed on the 
document platen 11, a scanning means which scans the surface 
of the document platen 11 along the bottom surface of the 
document platen 11 (light source 14, first mirror 15 and V 
mirror 16), and image sensor 18 which is scanned by a 
scanning means and transfers photoelectrically the reflected 
light from the document platen, and thereby, images on the 
document platen 11 are read by the image reading device, and 
then, are subjected to amplification processing and AD 
conversion to be obtained as image data, and are stored in 
image memory 34 (see Fig. 2) representing a memory means. 

Incidentally, with regard to image data obtained by the 
image reading apparatus through its reading, image data for a 
broader area (hereinafter referred to as a reading area) 
including an area (hereinafter referred to as a document 
area) of a document placed on document platen 11 can be read 
for the purpose of complying with various sizes of documents. 
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When a document is placed on document platen 11 in the 
image reading apparatus 1 stated above, the read image data 
are in the state wherein image data for the document area are 
inclined. Therefore, when these image data are used for 
image forming, broken images result, and accurate image 
forming is impossible. 

Therefore, the present embodiment is structured so that 
inclination correction (correcting an inclination) may be 
conducted for the image data of an inclined doc\iment area. 
Fig. 2 is a block diagram showing illustratively a flow of 
image data with regard to outline of inclination correction 
of the present embodiment. Incidentally, Fig. 2 is a diagram 
of the occasion for using image reading apparatus 1 as a 
scanner of a copying machine, wherein when forming images, 
image data stored in image memory 34 are subjected to image 
processing such as shading correction by an image processing 
means (having no symbol) , filtering of spatial frequency, y 
transformation, error dispersion processing, and image 
discrimination/correction processing, or the image data are 
subjected to image processing before they are stored in image 
memory 34, thus, image forming is conducted by printer 
section 3 2 based on image data which have been subjected to 
image processing. 
(Embodiment 1) 
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The first embodiment of the invention will be explained 
as follows. Since a document to be manually placed on 
dociiment platen 11 is placed to be in line with reference 
plate 13 which serves as a reference for placing, if the 
reference plate 13 is inclined, all documents placed on the 
docximent platen 11 are equally inclined, and image data 
obtained through reading are also inclined. Therefore, in 
the invention, there is provided an inclination correction 
means which corrects image inclination caused by slip 
(inclination angle) of the mounting position of the reference 
plate 13. With regard to the slip (inclination angle) of the 
mounting position of the reference plate 13, it is stored in 
a memory as information of the reference plate slip, and when 
reading a document, the inclination correction means corrects 
image inclination caused by the slip of the mounting position 
of reference plate 13, for the image data obtained through 
reading based on the information of the reference plate slip 
stored in a memory. 

Namely, for the document placed on document platen 11 
to be in line with reference plate 13, scanning means (light 
source 14, first mirror 15 and V mirror 16) operate, and 
images on the document are read by image sensor 18. Image 
information converted photoelectrically by the image sensor 
18 is amplified in an analog signal processing section, then. 
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is converted into digital signal in an AD conversion section, 
and the digitized image data are subjected to image 
processing in an image processing section. 

After the shading correction and y transformation are 
conducted by the image processing means in the image 
processing section, image data are stored temporarily in 
image memory 34. The image data stored in the image memory 
34 are called again, then, inclination angle 9 of the image 
data caused by inclination of reference plate 13 when a 
document is placed on document platen 11 is corrected by 
inclination correction means 35, and the image data are 
outputted to printer section 32. The correction of 
inclination angle 9 by the inclination correction means 35 is 
conducted by the use of data of inclination angle 9 stored in 
inclination angle (reference plate) memory 36. 

Next, image correction conducted by inclination 
correction means 35 based on inclination angle 9 stored in a 
memory as information of reference plate slip will be 
explained. 

As a method to correct the image read under inclination 
angle 9, the affine transformation is generally known. Since 
this affine transformation is one to conduct matrix operation 
of 2 X 2 for each pixel, an amount of operation is large, and 
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memory capacity needs to be great. In the present embodiment, 
therefore, images are corrected through data shift processing 
wherein an amount of calculation and a memory proposed in 
Japanese TOKKAIHEI No. 10-285379 by the inventors of the 
invention are more economical. When correcting images 
through the affine transformation, it is possible to correct 
image inclination by rotating image data, but it is not 



possible to correct image distortion. On the contrary, when 
correcting images through data shift processing, it is 
possible to correct not only image inclination but also image 
distortion. The data shift processing is one to conduct 
image correction, by shifting image information in a unit of 
pixel stored in image memory 2 8 representing an image memory 
means as longitudinal correction or lateral correction. When 
conducting image correction through the data shift processing, 
it is preferable to change longitudinal magnification and 
lateral magnification separately, because magnification and 
an aspect ratio of a document are changed. The technology to 
change magnification in accordance with an inclination angle 
of a document before conducting data shift processing has 
been proposed by the inventors of the invention in Japanese 
TOKKAIHEI No. 10-336425. 

Data shift processing representing an inclination 
correction means is processing to correct images read by a 
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reading means, based on inclination angle G of a document 
stored in memory 3 6 for inclination angle caused by the slip 
of the mounting position for reference plate 13 . This is 
conducted by shifting image data stored in image memory 3 4 
with inclination correction means 3 5 representing a 
correction means. Namely, in the present embodiment, the 
inclination correction means 35 is a means to correct 
inclination by conducting data shift on image memory 34, and 
it obtains an amount (moving amount) to move each pixel in 
the longitudinal direction (primary scanning direction) and 
lateral direction (sub-scanning direction) , in accordance 
with inclination angle 9 stored in inclination angle memory 
36, and it moves each pixel based on the moving amount to 
correct image inclination. Details of the foregoing will be 
explained as follows. Incidentally, in the following 
explanation, lateral correction is conducted after 
longitudinal correction, but, longitudinal correction m.ay 
also be conducted after lateral correction. 

First, the longitudinal correction will be explained 
based on Figs. 3 (a) - 3 (d) where the longitudinal 
correction is shown illustratively. Fig. 3 (a) is a diagram 
showing illustratively image data (document) before 
longitudinal correction. Fig. 3 (b) is a diagram showing 
illustratively image data (document) after longitudinal 
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correction, and each of Figs. 3 (c) and 3 (d) is a diagram 
showing the data shift of longitudinal correction in an image 
style . 

In Fig. 3 (a) , image data are shifted (moved) in the 
longitudinal (primary scanning) direction so that straight 
line AB which is in parallel with a side of a document and 
includes document reference point (xs, Ys) may be in line 
(agree) with straight line CD which is in parallel with the 
sub-scanning direction (x direction) and includes "forefront 
of docioment area after correction of inclination", namely, an 
origin. In this case, no shift (movement) in the lateral 
(sub-scanning) direction is allowed. Shifting (moving) 
amount I in the longitudinal direction is shown as follows, 
on the assumption that a given point in image data is 
represented by (x, y) . 

I = ys - x-tan 9' 
In Figs. 3 (a), im.age data are moved downward when I is 
smaller than 0, and are moved upward when I is greater than 0. 
Incidentally, 0' represents a function of 9 which is shown 
below. 

9^ = Tan"^ (tan 9 -cos ^ 9) 

Therefore, moving amount I is a function of x, and it 
does not depend on y, and data having the same y have the 
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same moving amount I. Thus, image data before longitudinal 
correction have only to be shifted on image memory 34 to 
become those indicated in Fig. 3 (d) in accordance with 
moving amount I, after pixels (pixels each partitioned by x) 
in the primary scanning direction are grouped as shown in Fig. 
3 (c) . Namely, mere movement in the primary scanning (y, 
longitudinal) direction is enough, and it is possible to 
conduct by collecting plural pixels, and it is possible to 
conduct by calculating moving amount I for each group of 
pixels partitioned by x. 

Then, image data after longitudinal correction turn out 
to be those shown in Fig. 3 (b) . Incidentally, angle 5 (see 
Fig. 3 (b) ) formed between an oblique side of image data 
after longitudinal correction and the primary scanning 
direction is represented by a function of 9 as shown in the 
following expression wherein 6" = Tan"^ (tan 9/cos^ 9) holds. 

5 = Tan"^ (l/(l/tan 9" + tan 9M) 

= Tan'^ (l/(cos^9 (1/tan 9 + tan 9))) 

Next, lateral correction will be explained as follows, 
referring to Figs. 4 (a) - 4 (d) each showing the lateral 
correction illustratively. Fig. 4 (a) is a diagram showing 
image data (a document) before lateral correction (and after 
longitudinal correction) illustratively. Fig. 4 (b) is a 
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diagram showing image data (a document) after lateral 
correction (and after inclination correction) illustratively, 
and each of Figs. 4 (c) and 4 (d) is a diagram showing data 
shift of lateral correction illustratively. 

In Fig, 4 (a), image data are shifted (moved) in the x 
direction (which is the sub-scanning direction, and is also 
called the lateral direction) so that an oblique line may be 
made perpendicular. In this case, shifting (moving) in the 
longitudinal (primary scanning) direction is not allowed. 

Shifting (moving) amount J in the lateral direction is 
shown as follows, on the assumption that a given point in 
image data is represented by (x, y) . 

J = -y • tan 8 

In Fig. 4, image data are moved to the left side when J is 
smaller than 0, and are moved to the right side when J is 
greater than 0 . 

Therefore, m.oving amount J is a function of y, and it 
does not depend on x, and data having the same x have the 
same moving amount J. Thus, image data before lateral 
correction have only to be shifted on image memory 34 to 
become those indicated in Fig. 4 (d) in accordance with 
moving amount J, after pixels (pixels e^ch partitioned by y) 
in the sub-scanning direction are put together as shown in 
Fig. 4 (c) . Namely, mere movement in the sub-scanning (x. 
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lateral) direction is enough, and it is possible to conduct 
by grouping plural pixels, and it is possible to conduct by 
calculating moving amount J for each group of pixels 
partitioned by y. 

As stated above, it is possible to conduct inclination 
correction by performing data shift processing wherein image 
data of document D stored in image memory 3 4 are shifted by 
an inclination correction means based on inclination angle 9 
stored in inclination angle memory 36. Namely, it is 
possible to conduct inclination correction by moving 
(shifting) pixels on a memory after grouping them into each y 
(primary scanning, longitudinal) or x (sub-scanning, lateral) 
through longitudinal correction or lateral correction. Thus, 
total amount of calculation for moving amount I and J can be 
small, and calculation of moving amount for (x + y) times is 
enough concretely for image data of (x + y) pixels, thereby, 
the number of operations is reduced, com.pared v/ith m.oving 
amount calculation for (x + y) times of affine transformation, 
complicated operations are not needed, the time required for 
inclination correction is shortened, and low cost can be 
attained without using many memories. 

Next, there will be explained inclination angle 
(reference plate) memory 3 6 which is used when inclination of 
image data is corrected by inclination correction means 35. 
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One of methods for setting an inclination angle 
representing a slip in the inclination angle (reference 
plate) memory 3 6 is a method to input directly an inclination 
angle from operation section 31. In this case, an image 
adjustment mode is selected by mode image - forming /image - 
adjustment selection means 40, control CPU 30 calls test 
pattern information stored in test pattern memory 38, and 
outputs it to printer section 32, and images of the test 
pattern are recorded on a recording material. 

As a test pattern, a line extended in the primary 
scanning direction or in the sub-scanning direction, for 
example, is used. Each of Figs. 5 (a) - 5 (c) shows an 
example, and Fig. 5 (a) shows a state wherein test pattern 
information extending from test pattern memory 3 8 in the sub- 
scanning direction is called to be outputted to printer 
section 32, and a test pattern of L (M) is recorded on 
recording material P (M) . Then, recording material P (M) 
having the test pattern of L (M) is placed on document platen 
11 to be in line with reference plate 13 for copying. Fig. 5 
(b) shows a state of the copy, and copied image L (C) of the 
test pattern is formed on recording material P (C) . 

A serviceman can actually measure inclination angle 9 
shown in Fig. 5 (c) by overlapping recording material P (M) 
and recording material P (C) for studying. The inclination 
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angle 6 measured actually is inputted in inclination angle 
(reference plate) memory 3 5 by the use of Ten-key as an 
inputting device. 

Moreover, when the image forming apparatus is connected 
to an outside inputting device such as a personal computer, 
it is also possible to be structured so that data 
representing inclination angle 0 of the reference plate is 
inputted from the personal computer and stored into 
inclination angle memory 36. 

Another method to set an inclination angle in 
inclination angle (reference plate) memory 36 is a method to 
use image sensor 18 as a detection means for inclination 
angle 6. For example, a straight line having a prescribed 
length extended in the sub-scanning direction is used as a 
test pattern, then, test pattern information is called from 
test pattern memory 38 as shown in Fig. 6 (a) to be outputted 
to printer section 32, and test pattern L (S) is formed on 
recording material P (S) . Then, recording material P (S) 
having test pattern of L (S) is placed to be in line with 
reference plate 13 of document platen 11, and image sensor 18 
representing line charge coupled device "CCD" scans the 
recording material for image reading. It is detected how 
many pixels of line CCD read the line portion of the test 
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pattern in either the left direction or the right direction 
while the entire image plane of the recording material P (S) 
is scanned by the image sensor 18. Fig, 6 (b) is an 
illustration showing the state of this detection. 

In control CPU 30, operation processing for inclination 
angle 9 is conducted by inputting the detection results 
stated above in the operation program which is set in advance. 
The inclination angle 9 obtained by the operation processing 
is inputted, as it is, in inclination angle (reference plate) 
memory 36, or the inclination angle 9 obtained by the 
operation processing is displayed on the display section 
provided on operation section 31, and a serviceman inputs the 
inclination angle 9 displayed on the display section in 
inclination angle (reference plate) memory 36 by using Ten- 
key. 

Moreover, when the image forming apparatus is connected 
to an outside inputting device such as a personal computer, 
it is also possible to be structured so that data 
representing inclination angle 9 of the reference plate is 
inputted from the personal computer. 

As an other method for inputting the inclination angle 
onto the inclination angle memory 3 6 in addition to the 
method for inputting by operating ten keys, there may also be 
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considered a method for inputting from an outside inputting 
device such as a personal computer or the like by connecting 
the outside inputting device to the image forming apparatus. 

Obtaining the inclination angle 9 is conducted in the 
image adjustment mode, and it is preferable that the 
aforesaid adjustment process is repeated several times to 
obtain inclination angle 0 as a mean value, and it is 
inputted in inclination angle (reference plate) memory 36 to 
be used for inclination correction for image data thereafter. 
(Embodiment 2) 

The second embodiment of the invention will be 
explained as follows. The present embodiment is represented 
by an image reading apparatus capable of reading both a 
document placed manually to be in line with a reference plate 
on a document platen and a document conveyed by a document 
feeder and an image forming apparatus having the image 
reading apparatus, wherein there is provided a correction 
means which corrects inclination and/or distortion of the 
read image for both occasions of placement of a document on 
the document platen and of automatic document feeding, and 
Fig. 7 is a block diagram showing the flow of image reading 
and image forming in the copying apparatus. Incidentally, 
the present embodiment is one wherein a correction means to 
correct distortion of the read image even in the case of 
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automatic document feeding is added to the embodiment 
explained in Embodiment 1 in which a document is placed 
manually on a document platen, and therefore, explanation of 
the overlapped portions will be omitted partially. 

Further, the present embodiment is represented by an 
apparatus wherein an automatic document feeding apparatus 
employing a stepping motor in a driving source for a document 
conveyance means is used, and a document can stop without 
hitting reference plate, 13 with its end portion, when the 
document is stopped at a reading position where the document 
is read. 

In a document reading apparatus shown in Figs, 1 (a) 
and 1 (b) , when a document is placed on document platen 11 to 
be in line with reference plate 13, or when a document is 
placed on document platen 21 to be in line with regulating 
member 22, and a reading start button provided on operation 
section 31 is pressed, document reading selection means 39A 
discriminates the docximent whether it is placed manually or 
through automatic feeding, and when the document is 
discriminated to be one placed through automatic feeding, 
automatic document feeding apparatus 20 operates, and a 
document on the document platen 21 is separated and conveyed 
one by one to stop at the reading position on the document 
platen 11. When the document is discriminated to be one 
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placed manually, the automatic document feeding apparatus 2 0 
does not operate and images on the document are read 
immediately. 

Reading of images on the document in the case wherein 
the document is discriminated to be one placed manually will 
be explained, first. The document placed on the document 
platen 11 to be in line with reference plate 13 is subjected 
to reading of images on the document by image sensor 18, 
under the condition that a scanning means operates, then, 
image data are digitized and are subjected to image 
processing such as shading correction and y transformation, 
to be stored once in image memory 34. The image data stored 
in image memory 34 are called again, and are subjected to 
correction of inclination angle 6 conducted by inclination 
correction means 35. For the correction of image data having 
inclination angle G conducted by the inclination correction 
means 35, inclination angle data stored in inclination angle 
(reference plate) memory 36 selected by selector 39B are used. 

The selector 39B interlocks with document reading 
selection means 3 9A, and when the document reading selection 
means 3 9A discriminates a document to be a manually placed 
document, inclination angle 0 caused in placing on the 
document platen is called from inclination angle (reference 
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plate) memory 36 by the selector 39B, and when the document 
reading selection means 3 9A discriminates a document to be 
one fed automatically, inclination angle 9* caused in 
automatic document feeding is called from inclination angle 
(automatic conveyance) memory 37 by the selector 3 9B, and 
thereby, correction of image data is conducted by inclination 
correction means 35. The image data which have been 
subjected to the correction stated above are outputted to 
printer 32, and image forming on a transfer material is 
conducted through image forming program 33. 

When the document reading selection means 3 9A 
discriminates a document to be one fed automatically, 
automatic document feeding apparatus 2 0 operates, and the 
document is conveyed to the reading position on document 
platen 11 to stop there. Between the reading position on the 
document platen 11 related to automatic document feeding and 
the reading position on the docxim.ent pla.ten 11 related to 
manual placing, there is a difference of slip (inclination 
angle) , and when image processing is conducted by the same 
inclination angle, even if the inclination angle in the case 
of the manual placing is corrected completely, the correction 
of the inclination angle in the case of automatic document 
feeding is insufficient. 
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In the present embodiment, inclination angle (automatic 
conveyance) memory 37 which stores inclination angle in 
automatic conveyance is provided in addition to inclination 
angle (reference plate) memory 36 which stores inclination 
angle G in manual placing, and in the case of automatic 
conveyance, selector 39B calls inclination angle G^ from the 
inclination angle (automatic conveyance) memory 37, and 
thereby, inclination correction means 35 corrects inclination 
of image data. 

A method to establish inclination angle G* in 
inclination angle (automatic conveyance) memory 37 is the 
same as that to establish inclination angle G in inclination 
angle (reference plate) memory 36. Namely, copying is 
conducted under the state wherein test pattern information 
stored in test pattern memory 3 8 which is the same as that in 
the manual placing is used, recording material P (M) having 
test pattern of L (M) shown in Fig. 5 (a) is placed in the 
shape where the conveyance direction of the recording 
material is regulated by regulating member 22 provided on 
document placing table 21, and a reading start button is 
pressed to convey the recording material P (M) automatically 
to stop it at the reading position on the document platen 11. 
With regard to recording material P (C) on which copied 
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image L (C') has been formed in the aforesaid way, even when 
it is used as a detection mean for inclination angle 9^ in 
automatic conveyance, by overlapping it on recording material 
P (M) for studying, a scanning means is operated to scan 
under the condition that recording material P (S) having test 
pattern of L (S) shown in Fig. 6 (a) is conveyed 
automatically from document placing table 21 to stop at the 
reading position on document platen 11, and operation 
processing is conducted from the results of detection 
obtained by image sensor 18, thus, inclination angle 9^ in 
the case of automatic conveyance can be obtained. 

The inclination angle 9* thus obtained is inputted in 
inclination angle (automatic conveyance) memory 37, and in 
the case of automatic conveyance of a document, inclination 
correction means 3 5 corrects inclination of image data by 
using inclination angle 9^ stored in inclination angle 
(automatic conveyance) memory 37, and outputs to printer 
section 32, thus, images are formed on a transfer material by 
image forming program 33. 

Incidentally, in the present embodiment, inclination 
angle (reference plate) memory 36 and inclination angle 
(automatic conveyance) memory 37 are provided separately. 
However, it is also possible to employ one wherein both two 
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memories stated above are contained in one memory. In that 
case, an area to store inclination angle 0 based on 
inclination of a reference plate and an area to store 
inclination angle 6^ based on inclination of an automatic 
document feeding means may be provided separately, so that a 
desired inclination angle may be read properly by selector 
39B. It is also possible to structure so that each 
inclination angle may be stored in image memory 34, but it is 
preferable to provide an image memory and an inclination 
angle memory separately from the viewpoint of easy handling 
of data and easy processing of memory, because image data and 
inclination angle data are different in terms of frequency of 
rewriting . 

In the present embodiment, there has been explained an 
apparatus wherein an end portion of a document does not hit 
reference plate 13 when the document is stopped, when the 
document conveyed by an automatic document feeding apparatus 
is stopped at the reading position. However, the invention 
is not limited only to the apparatus of the aforesaid type. 
Namely, the invention includes also an apparatus wherein an 
end portion of a document hits a reference plate when the 
document is conveyed by an automatic document feeding 
apparatus, and thereby the document is stopped to be in line 
with the reference plate. In the case of that apparatus, an 
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inclination angle of a document at the reading position for 
both an occasion where a document is fed to the reading 
position through manual placing and an occasion where a 
document is fed to the reading position by an automatic 
document feeding apparatus, is only one caused by an 
inclination angle caused by a slip of the mounting position 
of the reference plate. Therefore, in that case, a block 
diagram for the flow of image reading and image forming is 
one shown in Fig. 2 which is the same as that in Embodiment 1. 



embodiment wherein a document in the case of automatic 
conveyance is read by image sensor 18 when the document is 
scanned by a scanning means (light source 14, first mirror 
and V mirror) at the fixed reading position on document 
platen 11. However, the invention is not limited to this, 
and for example, the invention may also be applied equally to 
an image reading apparatus wherein document images are read 
by image sensor 18 under the condition that a scanning means 
is fixed for the moving document, in the course of conveying 
the document from document placing table 21 with a document 
conveyance means . 



reading apparatus to read a manually placed document wherein 
an accurate image which is free from inclination can be 



In the foregoing, there has been explained an 



The invention makes it possible to provide an image 
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formed even when no fine adjustment is made for positional 
adjustment on a document positioning member which is used for 
placing the document. 

The invention makes it possible to provide an image 
reading apparatus capable of reading a document placed to be 
in line with a document positioning member of a document 
platen through manual placing and capable of reading a 
document conveyed by a document feeder, wherein an accurate 
image which is free from inclination and/or distortion can be 
formed for both manual placing and automatic document feeding, 
when neither fine adjustment of the document position nor 
adjustment for the slip of a conveyance system of a document 
feeder is needed. 

The invention makes it possible to provide an image 
forming apparatus which is capable of reading a document 
placed to be in line with a document positioning member on a 
document holder through manual placing and of reading a 
document conveyed by an automatic document feeding apparatus 
and forms an image, wherein an adjustment of the mounting 
position for a document positioning member and an adjustment 
of the slip of a conveyance system of a document feeder are 
simplified, and an accurate image which is free from 
inclination and/or distortion can be formed. 




